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S T A T IC L A T E R A L  A N D  D IRECT IONAL  S T A B IL ITY  A N D  C O N T R O L  

C B A R A C T E R IS T ~ C S  O F  A  l/1 5 - S C A L E  M O D E L  O F  T H E  

,' G R U M M A N  Fl lF-1 A I R P L A N E  A T  M A C H  N U M B E R S  , 
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m- j - j  N O .  M C A  j ,$ j$$+  

B y  Ross  B . R o b i n s o n  a n d  Corne l i us  Dr iver  

S U M M A R Y  

A n  invest iga t ion  h a s  b e e n  m a d e  in  th e  Lang l e y  4 -  by  b- foot  supe rson i c  
p ressu re  tu n n e l  to  d e te rm ine  th e  static la tera l  a n d  d i rec t iona l  stabi l i ty 
a n d  c o n trol character is t ics o f a  l/15 -sca le  m o d e l  o f th e  G r u m m a n  FUF-1  
a i r p l ane  a t M a c h  n u m b e r s  o f 1 .4 1 , 1 .6 1 , a n d  2 .0 1 . T h e  c o m p l e te  m o d e l  a n d  
va r ious  c o m b i n a tio n s  o f c o m p o n e n t par ts  we re  tes ted  as  we l l  a s  va r ious  
c o n fig u r a tio n  c h a n g e s  i nc lud ing  m o d i fie d  b o d i e 's a n d  m o d i fie d  -vert ical  tai ls. 

T h e  resul ts  i nd ica ted  th a t, b e c a u s e  o f dec reases  in  th e  vert ical- tai l  1  
e ffec t i veness  a n d  b e c a u s e  o f th e  m a g n i tu d e  o f th e  u n s tab l e  w i ng -body  m o m e n t, 
th e  d i rec t iona l  ,stabil i ty o f th e  c o m p l e te  c o n fig u r a tio n  p rogress ive ly  
dec r eased  wi th i nc reas ing  M a c h  n u m b e r  a n d  a n g l e  o f a ttack  u n til r eg ions  o f 
d i rec t iona l  instabi l i ty occur red .  Inc reas ing  th e  s ize  o f th e  vert ical  ta i l  
was  e ffect ive in  de l ay i ng  th e  instabi l i ty to  h i ghe r  M a c h  n u m b e r s  o r  h i ghe r  
ang l e s  o f a ttack.  

T h e  fla p e r o n  p rov i ded  pos i t ive  la tera l  c o n trol th r o u g h o u t th e  ang l e -  
o f-attack a l > d  ang le -o f -s ides l ip  r anges , 
a n g l e  o f 2 5 u  

b u t, tiith  a  m a x i m u m  d e flec t ion  
, p r ov i ded  a  ro l l ing  m o m e n t equ iva len t  to  th e  i n duced  ro l l ing  

m o m e n ts i ncu r red  a t a b o u t 6 ’ o f s ides l ip .  

T h e  r udde r  p rov i ded  pos i t ive  d i rec t iona l  c o n trol th r o u g h o u t th e  ang l e -  
o f-attack a n d  ang le -o f -s ides l ip  r anges  b u t, b e c a u s e  o f th e  l ow  leve l  o f 
d i rec t iona l  stabi l i ty a n d  b e c a u s e  o f th e  non l i nea r  var ia t ion  o f yaw ing  
m o m e n t wi th s ides l ip ,  s o m e  d e flec t ions  o f th e  r udde r  w o u l d  resul t  in  sec-  
o n d  trim  po i n ts.' .'c ( I 5  ..- L  ,, 
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INTRODUCTION 

At the request of the Bureau of Aeronautics, Department of the Navy, 
i .: the National Advisory Committee for’ Aeronautics has conducted an investi- 
; t I.. gation of the aerodynamic characteristics 'of a  l/i5-scale model  of the 

& .; 
?  '$j 

Grumman FllF-1 at subsonic, transonic, and supersonic speeds. The desig- 
nation FllF-1 supersedes the previous model  designated Grumman FgF-9. The 

,q FllF-1 is a  jet-propelled fighter design having a  wing tiith 35’ of sweep 
of the quarter-chord line, an aspect ratio of 4, a  taper ratio of 0.5, 
and NACA 65A-series airfoil sections having a  thickness ratio of 6  percent 
at-the root and 4  percent at the tip. The wing was mounted at 0' incidence 
in a  semihigh position on the fuselage and the all-movable horizontal tail 
was located slightly below the extended chord line of the wing. The fuse- 

I. lage was indented, in the vicinity of the wing to reduce drag rise in the 
transonic speed range. 

Tests of a  l/15-scale model  of the original FllF-1 airplane have been ' 
made  at subsonic speeds in the Langley low-turbulence pressure tunnel and 

$4. at transonic speeds in the Langley 8-foot transonic tunnel (ref. 1). The 
y  results of lim ited tests of,this configuration in the Langley 4- by  k-foot 

supersonic.pressure tunnel at a  Mach'number of 1.41 are presented in ref- 
erence 2. ', Static longitudinal stability and control characteristicti of 
the present modif ied FllY-1 configuration at Mach  numbers of 1.41, 1.61, 
and 2.01 are given in reference 3. 

: 

‘;’ 

,$: 

6,  

4  

-The present report contains the results of an investigation to deter- 
m ine the static lateral and directional stability and control character- 
istics of the modif ied FllF-1 configuration at Mach  numbers of 1.41,. 1.61, 
and 2.01, at Reynolds numbers, based on the wing mean geometric chord, of 
1.63 .X 106 ,  1.56 x io6, and 1.35 x  106, respectively. The investigation 
was made in the Langley 4- by  k-foot supersonic pressure tunnel. 

COEFY?ICIENTS AND SYMBOLS 

'The results are presented as'force and moment  coefficients referred 
to the stability-skis .system (fig. 1) with the.reference center of moments  
located at a  longitudinal position corresponding to 25 percent of 'the wing. 
mean geometric chord. The coefficients and symbols are.defined as follows: 

'CL lift coefficient, FL. 
ss 

F'D 
"D =z-- 
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cm pitching-moment coefficient, Mys 
qSE 

cl *xs rolling-moment coefficient, - 
qSb 

cn ,yawing-moment Mzs coefficient, - 
cl.% 

& 6 
FL 

F'D. 

FY 

M's 

Mx 
S 

M% 

9 

S 

b. 

c 

M 

*'R 

a 

P 

it 

,Fy ,side-force coefficient, - 
qs 

lift force, 

approximate drag force 

lateral force 

pitching moment about stability axes 

rolling moment about stability axes 

yawing moment about stability axes 

free-stream dynamic pressure, lb/sq ft 

wing area including fuselage intercept, sq ft 

wing spap, in. 

wing mean geometric chord, in. 

free-stream Mach number 

Reynolds number bas,ed on 2 ,' 

angle of'attack of' fuselage reference line, deg 
'. 

angle of sideslip of fuselage reference line, deg 

horizontal-tail incidence angle with respect to fuselage 
reference line, positive with trailing edge down, deg 

flaperon deflection angle, normalto hinge line, positive 
with trailing edge up, deg' 

‘, 
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rudder deflection angle, normalto hinge line, positive with 
trailing edge left, deg 

% 
deflection angle of entire vertical tail, with respect to 

$; fuselage line, positive with trailing edge left, deg .a 
aCn directional-stability parameter, - aP 

.,. 

c2P 
effective-dihedral parameter, 

ac2 
ap 

CYp 
aCY side-force parameter, - 
ap I' 

C 
ac, 

%f = as, 

ac2 CZBf = - ', &f ,, 

2Ll 
'%r as '. r 

C acn ns =- 
V a&V 

ac, 
czs,=,as, 

Mod& components: 

i 1 w 
g: .j 

I 

.B1 
:$i+ 
fr 
J. 

B2 
F 
;,'. /' B3 

wing 

body with production nose 

body with photographic nose' 
'. 

body with production nose and afterburner ring 

'. 

modified horizontal tail of production'configkration 
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Vl 'denotes original tail 

V2 extended-tip and extended-chord tail 

extended-chord taii 

MODEL AND APPABATUS 

A,three-view dratiing of the model is shown in figure 2(a). Sketches 
of the original (refs. 1 and 2) and production configurations, the pro- 

,duction and photographic noses, the dorsal, ventral, and horizontal fins, 
and the three vertical tails are given in figures 2(b) to 2(f). The after- 
burner ring of body B3 is shown as a'dashed line in figure 2(f). Several 
photographs of the model are,presented in figure 3. The geometric char- 
acteristics of the model are presented in table I. 

The basic configuration for this'investigation was composed of the 
body with the production nose B1 (fig. 2(c)) and inlets faired closed, 
the wing, the modified horizontai tail at, it = O" (fig. 2(b)) and verti- 
cal tail V1 at O" incidence (fig. 2(f)). The wing had 35O of sweep of the 
quarter-chord line, an aspect ratio of 4, a taper ratio of 0.3, and NACA 
65A-series airfoils'having thickness ratios of.6 percent and 4 percent at 

.-the root and tip, respectively. The wing was mounted in a semihigh posi- 
tion'on the body and had 2.5O of negative dihedral and O" of incidence 
with respect to the fuselage reference line. An all-movable horizontal 
tail.was mounted 0.069 wing semispan below the wing root chord line 
extended. 

Two additional vertical tails were tested: (a) tail V2, which had 
.,both an extended tip and extended chord and (b) tail V3, which had the .' 

same span as tail Vi but had an extended chord (fig, 2(f)). A  dorsal, a 
ventral, and a horizontal fin (figs. 2(d) and 2(e)) were also used. 

Longitudinal control was obtained by changing the incidence of the 
horizontal tail, lateral control by deflection of a flap-type spoiler 
(flaperon).in the upper surface of the left wing only (fig. 2(a)), and 
directional control by deflection of eitherthe, rudder or the entire 
vertical tail V1 (fig; 2(a)). All control deflections were set manually. 

For the“tests made with open inlets the faired plugs shown in fig- 
ure 2(a) were removed. 

Forces and moments were measured by a six-component strain-gage 
balance contained in the sting-mounted model. For the tests at M  = 1.61’ 

e 
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and'2.01, the model was mounted on a remotely controlled rotary sting, 
while'for the tests at M  = 1.41 a manually adjustable sting was employed. 
A  rake of total- and static-pressure tubes was used at the base of the model 
to measure the internal flow of the open inlet configuration. 

/ 
, i’ 
;., 

Tests, Corrections, and'Accuracy 
:, Tests.- The test conditions are summarized in the following table: 

I Mach Stagnation Stagnation Reynolds number tempe~ty, P;;"/;T;; number Dew-point 

1.41 100' 1,440 1.63 ~'10~ Less than -23' F  
1.61 ,100 1,440 1.56 Less than -250 F  
2.01 100 ,1,440 1.35 Less than -25O F 

At M  = 1.41 the model was tested through an angle-of-attack range 
of about, -4°..to ab,out 15' at j3 m  0' and 4.9' and through an angle-of- 
sideslip range of -4' to about 140 at 9 = 0' and 5.2O. At M  = 1.61 
and, M  = 2.01, the angle-of-sideslip range was from  O" to about 20' at 
a = o" , and from  0' to about 15' at angles of attack of approximately 4', 

,8O, l2O, and 16O. 
,, 

Corrections and a&uracy.- The angles of attack and sideslip have 
been corrected for the deflections of the balance and sting caused by 
aerodynam ic loads. Since the angularity of the airstream  was less than 

,tO.lOO and the Mach number variation less than fO.O1, the data have not 
been corrected for these variations. 

:/ For all the closed-inlet configurations, the longitudinal-force coeffi- 
,' 'cients were adjusted by equating the measured base pressure to the,free- 
!. stream  static pressure. For the open-inlet configurations, corrections, 
',i' were made for the base pressure on the rim  of the model base, the static 

3 
pressure in the balance chamber inside the model, and the internal drag 

'I as determ ined by total- and static-pressure measurements of the internal 

$ 
air fl'ow. ' 

iI 9 $?i For the tests at a Mach number of 1.41; angles of attack and side- 

i 
j$ slip are estimated to be accurate within fO.lO; for the tests at Mach 

numbers of 1.61 and 2.01, the angles are probably within i~O.2~. All con- 
I, trol deflections are probably correct within f0.10'. The maximum errors 
ft. 1: in the coefficients are'estimated to be as follows: 
$:: ., ? 
; I 
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CL . . . . . . . . . . . . . . . . . . . . . . . l .: . . . . . +0.0070 > 

CX........1......~...............f0.0020 
C m  l l -‘a l l l ~‘0 l .  l l l l l l l l l l l l l l l l l l l l *0.0005 

,'i ! 4 c2 . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . .3-0.0001 
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1 i Cn.  l l l l l l l l l l l l l l . .a l l l l l l l l l l l l l l *0.0002 

i, Cy.........~......................~o.ool5 
,s 
'.. 
., -, PRESENTATION OF RESULTS 

A complete'index of the figures is shown as table II. 

The bas,ic results presenting the aerodynamic characteristics in side- 
slip for various configurations are shown in figures 4 to 24. ,The basic 

'1 lateral control results are shown in figures 25 to 28 and the basic direc-' 
tionai control results are shown in figures 29 and 30. _, 

The sideslip derivatives are summarized in figures 31 to 36. The 
lateral and directional control effectiveness are summarized in figures, 37 
and 38, respectively. 

A summary of the variation of the sideslip derivatives with Mach num- 
ber at subsonic, transonic, and supersonic speeds is presented in figure 39. 

DISCUSSION 

Static Lateral and Directional Stability 

Directional characteristics.- The directional-stability parameter Cn 
P 

: of the basic configuration,(WBIHV1) indicated a rather rapid deterioration 
with increasing angle of attack and with increasing Mach number until 
regions of undesirably low stability were encountered (fig. 32(a)). The 
model was directionally unstable at angles of attack above 13O for all 

i Mach numbers tested. With the vertical tail removed (fig. 32(b)), a large 
.i. iy I unstable cnP occurred that was essentially invariant with angle of 
2. ' L. i, attack or Mach number. Hence;the deterioration of Cn .for the basic . ', 
iI 
,j .P 

$ 
configuration both with angle of attack and Mach number appeared to be a 
result of a decrease in vertical-tail effectiveness. Estimates of the , 3.. lift-curve-slope variation with Mach number for the isolated vertical tail 

!. j '., obtained through the use of reference 4 indicated that the decrease in 
tail contribution with Mach number was as might be expected. The loss in ,: 'tail contribution with increasing angle of, attack apparently resulted from 
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an adverse sidewash flow at the tail (see ref. 5) and possibly some 
decrease in dynamic pressure at the tail. 

Losses in tail contribution due to Mach number became extremely 
critical inasmuch as a large percentage of the tail contribution was con- 
sumed in overcoming the instability of the wing-body and'any further 
losses in tail contribution due to angle.of attack only hastened the 
occurrence of directional instability for the complete configuration. 
In this regard, it might be pointed out that any additional losses in tal.1 
contribution that might occur for a full-scale airplane from such sources 
as structural elasticity or control deflection would result in still 

'greater losses in directional stability. 

Increasing the size of 'the vertical tail resulted in an increased 
tail contribution so'that the deterioration of C, 

P 
for the complete 

configuration was delayed to higher angles of attack and to higher Mach' 
numbers, (figs. 31 and 33). 
equal areas, 

Although the enlarged tails (V2 and V3)had' 
the extended-tip tail (V2) with its higher aspect ratio was 

somewhat more effective than the extended-chord tail (V3). The vertical- 
tail contributions at a = 0' were found to be in agreement with values 
estimated on the basis of the isolated-tail lift-curve slopes (ref.'4) 
assuming that the fuselage forms a'perfect end plate. Although the.dif-' 
ferences were small, the increment of C 

9-3 provided by the extended-tip 
tail V2 decreased less rapidly with increasing angle of attack than 'did 
that for the extended-chord tail V3. This was a result, possibly, of the 
added area for tail V2 being above the sidewash field (figs. 31 and 33). 

The effects of the addition of a dorsal fin, a ventral fin, and a 
horizontal fin to the basic model ( 
figure 34. 

tail V1) at M = 1.61 are compared in 
The addition of the dorsal fin or the horizontal fin had lit- 

tle effect on the directional characteristics and did, in fact, result in 
some slight decreases in Cn P in the low angle-of-attack range. The 
ineffectiveness of the dorsal fin may be a result of adverse sidewash in 
the region occupied by the. dorsal. In addition, the dorsal may cause an 
effective forward movement of the centerof pressure for the entire tail. 

,$ 9 In c,ontrast, the addition-of the ventral.f.in, although smaller in 
-I ;.. area than the dorsal fin, resulted in a small increase in directional 

-1' 
'& 

stability throughout the angle-of-attack and sideslip range (figs. 14 
$1 and 34). This result may be an indication of a favorable sidewash region 
'C.i "! 

below the body and, to some extent, may be influenced by the longer moment 
.'. arm attainable with the ventral fin than with the dorsal fin. 

The effects of the addition of the afterbody extension (B3) at 
M = 1.41 and a = 5.2O (fig. 9) were to increase the instability of the 
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wing-body combination slightly at high sideslip angles but, at the same 
time to'increase slightly the tail contribution for tail VT. The greater 
tail'contribution with the afterbody extension installed probably results 
from an increased end-plate effect of the body on the tail and from an 
increase in the carry-over forces from the tail to the body. 

The effect of the extended, photographic-type nose B2 was to reduce ( 1 
the directional stability parameter Cnp throughout the angle-of-attack 
range for both the tail-on and tail-off configurations at M = 1.41 and 1.61 
(fig. 35). 

The effects of various combinations of component, parts on the direc- 
'tional chara.&eristics (fig. 36) reveal nothing unusual at low angles of 

At the higher angles of attack, however, a rather rapid decrease attack. 
in the instability (negative CnB) of the body alone and body-horizontal- 

.,j' 

'. 

tail combination is indicated. This variation of CnB with a is 'not 
apparent when either the wing or vertical tail, or both, are added. These 
results are indicative of important interference effects between the 
various components. Pressure measurements over the afterbody and vertical 
tail would be required in order to obtain a better understanding of these 
effects: 

Negative deflections of the horizontal tail,caused an increase in the 
directional stability (figs., 16 to 18) similar to'that observed for other 
low tail arrangements (ref. 6). This effect apparently results .from the 
superposition of positive pressures from the upper surface of the deflected 
horizontal tail to the high pressure side of the vertical tail in sideslip. 
The effect is considerably reduced at M = 2.01 (fig. .18,) since the por- 
tion of the vertical tail that is influenced by the flow field of the 
horizontal tail decreases with increasing Mach number. 

The wing fence (fig. 19) and the air 'inlets (fig. 20) had little 
significant effect on the directional characteristics at M,= 1.61. 

;. I,’ 
! ,I,. 
: 
:’ 1’ 

1; 

g, 

; s 
.’ 
. 

Effective dihedral.- configuration exhibits 
a positive dihedral effect the angle-of-attack 
and Mach number ranges investigated (fig. 32(a)) although the variations 
with angle of attack were quite nonlinear. These nonlinearities are'evi- 
dent for the tail-off configurations. as well (fig. 32(b)): The add,$io 
,6f the vertical tail, of course, provides a negative increment of 
that increases as the tail size increases (fig. 33). The negative in!re- 
ment in C!zp provided by the vertical tail decreases with increasing 
angle of attack (fig. 31). 

For M= 1.61 the addition of the wing at a, x Oo provided a slight 
\. positive increment of Czp (negative effective dihedral) probably because 
'3 

: A; 
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of the negative geometric dihedral angle of the wing (see fig. 36). With 
increasing angle of attack, however, the wing provided an increasingly 
negative increment of Czs (positive dihedral effect) similar to that 
generally provided by swept wings' at subsonic speeds. 

The addition of the horizontal tail, particularly in the presence 
of the wing, provided a negative dihedral effect (figs. 36(a), and (b)). 

The resultant variation of C!zp with angle of attack for the com- 
plete model was apparently influenced by the vertical tail at the lower 
angles of attack and by the wing at high angles of attack (figs. 31 
and 36). 

The ventral, dorsal, and horizontal fins had essentially no effect 
on CzP' (fig. 34). 

Effects of sideslip on longitudinal characteristics.- The variations --- 
of lift and pitching moment wiih angle of sideslip indicate rather large 
changes with increasing angle of attack for the complete configuration 
(figs. 21to 23) that may lead to cross coupling of the pitching and 
yawing motions. This cross-coupling tendency, combined with a low level 
of directional stability,, might contribute to undesirable flight charac- 
teristics at high angles of attack. 

Lateral and Directional Control 

lateral control.- The flaperon was effective in producing rolling 
moment throughout the angle-of-attack and angle-of-sideslip ranges inves- 
tigated (figs. 25 to 27). The rolling effectiveness C2Bf and the yawing- 

moment variation Cnsf 'decreased with increasing angle of attack (fig. 37). 

The maximum flaperon deflection investigated (25O) at M = 1.61 pro- 
vided a rolling-moment increment equivalent to the induced rolling moment 
incu&ed at an angle of sideslip of only about 6O at a = 0' (fig. 27). 

Directional control.- Deflection of either the rudder or the entire 
vertical tail was effective in producing yawing moments throughout the 
angle-of-attack and angle-of-sideslip ranges investigated at M = 1.61 
(figs. 29 and 30). However, because of the initial low level of direc- 
tional stability and because of the nonlinear variation of Cn with S, 
a sensitive directional control problem would result since some deflec- 
tions of the rudder or tail would produce second trim points. In fact, 
the 5' deflection of the entire tail resulted in negative yawing moments 
throughout the angle-of-attack and angle-of-sideslip ranges. A rudder 
deflection of 5O provides a trimmed angle of sideslip of about 2' at 
a = O" (fig. 29). 
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Variation'of Sideslip Derivatives with Mach Number 

. A summary showing the variation of the sideslip derivatives at 
. Ct= O" with Mach number as obtained from various sources is presented 

in figure 39. The low-speed 'results (M = 0.13) were obtained from refer- 
. ence 7. The transonic results (M = 0.6 to 1.13) were obtained from refer- 

ence 1, while the supersonic results (M = 1.41to 2.01) are from the 
present investigation. The model used in the present investigation dif- 

.fered slightly in nose shape and in the horizontal tail plan fo,rm and 
position from the model used in references 1 and 7. This difference may 
be seen in figure 2. 

: 
i!' .I 

Of primary,concern, for configurations of the type considered, is 
the rapid decrease in vertical tail lift-curve slope with increasing 
supersonic Mach number and the resultant decrease in tail contribution 
to the directional stability. This decrease in tail contribution,, 
together with the initially large instability of the wing-body combina- 
tion,,leads rapidly to a condition of undesirably low directional 
stability. 

CONCLUSIONS 

An investigation conducted i&the Langley 4- by b-foot supersonic 
pressure tunnel to determine the static lateral and directional stability 
and control characteristics of a l/13-scale model of the Grumman FllY-1 
airplane at Mach numbers of 1.41, 1.61, and 2.01 indicated the following 
conclusions: 

: 

1. Because of decreases in the vertical-tail effectiveness and 
because of the magnitude of the unstable wing-body moment, the directional 
stability of the complete configuration progressively decreased with 
increasing Mach number and increasing angle of attack until regions of 
directional instability occurred. 

,: 2..Increasing,the size of the vertical tail was effective in delaying 
the regions of directional instability to higher Mach numbers or higher 

,p angles of attack. 
.& 
j$ 

3. The flaperon provided positive lateral control throughout the 

:(j 
angle-of-attack and angle-of-sideslip ranges with the maximum deflection 

34 of 25~~ providing rolling moment equivalent to the induced rolling moment 

vi 
'incurred at about 6O of sideslip. 

:$, I 
I ~ " ., 

4. Deflection of the rudder or of the vertical tail was effective 
in producing yawing 'moments throughout the angle-of-attack and angle-of- 
sideslip ranges but, because of the initially low level .of 'directional 
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stability and because of the nonlinear variation of yawing mcxnents with 
. sidesiip, some deflections of the rudder or tail would result in second 

trim points. . 
5. The variations of lift and pitching moment with angle of side- 

. slip indicate rather large changes with increasing angle of attack for 
the complete configuration that may lead to cross coupling of the pitching 
and yawing motions at high angles of attack. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., September 25, 1956. 

,*. Ross B. Robinson 
Aeronautical Research Engineer 

,a+dzGwu 
Cornelius Driver 

# 

.,Aeronautical Research Engineer 
$&A- 

Approved: 
John V. Becker 

Chief of Compressibility Research Division 
J&3 

.---‘-I ‘1 “T, ‘.. .-,, 



NACA RM SL56JlO 

REFERENCES 

13 

1. Bielat, .Ralph P.: A Transonic Wind-Tunnel Investigation of the 
Performance and of the Static Stability and Control Characteristics 
of a l/15-Scale Model of the Grumman F9F-9 Airplane - TED No. NACA 
DE 390, NACA RM SL59J15, Bur. Aero., 1954. 

2. Palazzo, Edward B., and Spearman, M. Leroy: Static Longitudinal and 
Lateral Stability and Control Characteristics of a Model cf a 
35O Swept-Wing Airplane at a Mach Number of 1.41. NACA RM L54GO8, 
1955 l 

3. Driver, Cornelius: The Aerodynamic Characteristics in Pitch of a 
l/15-Scale Model of the Grumman ane at Mach Numbers of 
1.41, 1.61, and 2.01 - TED No. NACA RM SL56E24, 
Bur..Aero., 1956. 

4. Harmon, Sydney M., and Jeffreys? Isabella: Theoretical Lift and 
Damping in Roll of Thin Wings With Arbitrary Sweep and Taper at 
Supersonic Speeds - Supersonic Leading and Trailing Edges. NACA 
TN 2114, 1950. 

5. Spearman, M. Ieroy: Static Lateral and Directional Stability and 
Effective Sidewash Characteristics of a Model of a 35’ Swept-Wing 
Airplane at a Mach Number of 1.61. NACA RM L56E23, 1956. 

6. Spearman, M. Leroy, and Robinson, Ross B.: Static Lateral Stability 
and Control Characteristics of a Model of a 45’ Swept-Wing Fighter 
Airplane, With Various Vertical Tails at Mach Numbers of 1.41, 1.61, I 
and 2.01. NACA RM L56~05, 1956. 

7. Wolhart, Walter D., and Thomas, David F., Jr.: Wind-Tunnel Investi- 
gation at Low Speed of the Yawing, Pitching, and Static Stability 
Characteristics of a l/10-Scale Model of the Grumman F9F-9 Airplane - 
TED No. NACA AD 3109. NACA RM SL55D25, Bur. Aero., 1955. 



7 - 
‘i 7 i’ ,a’, ‘? NACA BM SL56JlO ,‘. - 14 

!I!ABm I.- GEOMEXRIC CHARACTERISTICS OF MODEL 

Wing: 
Area,sqft 
Aspect ratio 

... ............................................... ; 
t.1; 

Sweepback of quarter-chord line, deg ............. '35 
Taper ratio ............. . ............. 0.500 
Mean geometric chord, ft '. .. .... . 0.5453 
Airfoil section, root . 

.... 
..... ........... ; NACA 65AOC6 (modified) 

Airfoil section, tip ............ NACA 65AO& (modified) 
Twist, deg. .. :. ...................... 0 
Dihedral, deg ......................... -2.5 
Span,ft .......................... .2.109 
Incidence, deg ........................ 0 

Horizontal tail: 
Area, sq ft 
Aspect ratio 

.................................. 
., ................ 

0.32;; 

Sweepback of quarter-chord line, deg ......... ., ... '35 
Taperratio .......................... 0.400 
Airfoil.section, root 

.................................... 
NACA 65AOO6 

Airfoil section, tip NACA 65AO& 
Span,ft ........................... 1.01 

Vertical tail: Vl V2 v3 
Area (exposed), sq ft . . . . . . . . 0.177 0.222 0.222 
Aspect ratio (based on exposed area 

and span) . . . . . . . . . . . . . 1.51 1.51 1.20 
Sweepback of leading'edge, deg . . . 44.5 44.5 44 
Taper ratio . . . . . . . . . . . . . 0.177 0.177 0.25 
Airfoil section, root . . . . . . . . NACA 65AOC6 65~006 65~006 
Airfoil section, tip . . . . . . . . NACA 65AOO4 65A004 65~004 

L 1 
'/ 1 
,a, 1,. 
', 

Fuselage: 
Length,Bl, in. . . . . . . . . . . . . . . . . . . . . . . . .32.31 

Length, B2, in. . . . . . . . . . . . . . . . . . . . i . . . . 33.66 
Length, B3, in. . . . . . . . . . e . . . . . '. . . . . . . . . 33.10 



I 
i\ 
p. 

. 

. 

I 

‘. 
.,i, 

‘, 

,’ 

,, 
I ,’ 

; 
/ ” 

‘8 

NACA RM SL56JlO 15 

Figure 
- 

4 

5 1.61 

6 2.01 

1.41 

8 1.41 

9 

- 

10 

ll 

12 

13 

- 
14 

M 

1.41 

1.41 

1.41 

1.41 

1.41 

1.61 

1.61 

TABm II.- INDFXWDAT!AFIGUFU% 

C unless otherwise noted, it = O", 6, = O", 6, = 0'9 tud 61 = 0 

_--. 
Model 

WBIVIH 
WB1V3H 
wB1 

wBIVIH 

Wd-V2H 
WBWH 
W&H 
WE+ 

biBIVIH 
WB%2H 
WEMH 
WBlH 
WE1 

WBIH 
WB1 
wB1 

dVIH 
WBIVIH 
WE? 
WE+ 

WBlV3iI 
WBWH 

:: 
- 
WEAh 
WBWH 

wB%% 
--~ 
WE?+H 
kiB2V1H 

iEi2V1H 
WB2ViH 
w.62 
MB2 

WBIVIH 
WEi2V1H 
wB1 
WE? A 
WB+H 

0 and 5.2 

o, 4, 8, 12.3, and 15.5 

4.9 
Range 0 .Basic (i&,cY) 

4.9 

Range 

I 

4.9 
0 Basic (WWY) 

4.9 

0, o, 4.2, 8.5, 12.7, and 16 4.2, 8.5, 12.7, and 16 Range Basic (WAAY) 

o, 4.2, 8.5, 12.7, and 16 Range 

fins added 
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TABLg II.- INDEX OF DA!J!AFIGlJRJSS - Continued 

othenrise noted, it = O", 6, = O', 6, = O', amI 6, = 0 

B, des 

Rsnge 

Range 

F&3= 

15 

M 
- 

1.61 

Model 

WBWB 
WBW 

dli 

WB1 

BIVIE 
BlVl 
B%i 
B1 

UBWB 

a, aeg Type of data 

0, 4.2, 8.5, l.2.7, and II ~S~C (bwa 

16 1.41 Horizontal tail dePlect,ed 
o" aa -10~ 

5.2 

17 

MBWB 

WBWB 

!dEA% 

: 

0, 4.2, 8.5, 12.7, and 11 Emd= (WWY H0gontd tall deflected 
) -100, ana ~6.4~ 

1.61 Range 

Range 

Range 

Range 

Range 

3ange 

3ange 

Range 

0 

WIWE 
biBWE 

WBW 

WBlVlB 

Gzz 

Horizontal tail deflected 
00 ana -100 

18 

19 

20 

Baai* (%,c,,$ 2.01 

- 
1.61 

- 
1.61 

0, 4.1, 8.2, 12.3, 
ana 15.7 

oana1.6 

0, 4.2, 8.5, 12.7, and 1( 

Basic (C&,Cy 

Basic (%,(WY 

Fence off and on 

IiLLet open and closed 

WB WE 

WBVX 

FiBWH 
WBl 

wwsi 
&f+I 

WWH 

ii&H 
ma 
ii&V1 

1.41 

- 

1.61 

- 

2.01 

- 

1.61 

- 
1.41 

- 

0, 4.2, 8.5, 12.7, and lt 21 

22 

23 

24 

25 

BS.SiC 
(%w~'D>~L) 

Basic 
(%,c'D>cL) 

I, 4.2, 8.5, X2.7, and 16 

SBlVlH 
nB+%I 
kfBWH 

he 
id 

UBIVIH 
K&l 
wB% 
MB1 

BIVIH 
BlVl 
8% 
B1 

UBIVIH 

I  

0, 4.1, 8.2, 12.4, 
ana 15.7 

B@.SiC 
@T&'D>~L) 

1, 4.2, 8.5, 12.7, and 16 B@.SiC 
(%CbCL) 

Basic (C,,,,C'D, 
wxwY) 

'lEperon deflected 00 
=,a 250 

Range 

A. 
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mm II.- INLEXOFDATAFIGURES - Concluded 

C unless othervise noted, it = 00, 6.J = @, 6, = o”, ana % = 00 1 
FGW 

26 

M a, *I3 

1.61 

Model 

WB WE 
_. __- 

Range 

27 1.61 WFMH D, 4.2, 8.5, and 12.; 

28 1.61 WBWH 0, 4.2, 8.5, and 12.' 

29 1.61. WRlVlH 0, 4.2, 8.5, ad. 12.' 

1.61 WBwi 

1.41 UBWE 
1.41 wBw3 
1.41 HJ9 
1.61 WA.8 
1.61 !dv% 
1.61 MB WR 

1.61 UB1 
2.01 WBWE 

2.01 WBWH 
2.01 WBWR 

2.01 !dBl 

32 

1.41 
1.61 
2.01 

WklH 
WBWE 
wB1v%J 

1.41 wB1 
1.61 wB1 
2.01 WB1 

33 

34 

1.41 to 2.01 0 

1.61 

!+?JvlH 
WITH 

i&v% 
MT31 

!4B1V1H Range 

35 1.41 and 1.61 K&H Rang== 

36 1.61 

37 

38 

39 

1.41 ana 1.61 

WBwli 
BIVIE 
WRlH 
B1H 

mw 
BIV1 
WBl 
B1 

WBlvlH 

1.61 
-- 
WBb'lH Range 

0 to 2.01 WRIVIH 

Ml31 

0 

= 

. 

Type Of data 

E@.dc (%,C'll,CL,%, 
cz,ck) 

Basic (%,wY) 

Flaperon deflected 00, 50, 
ana 29 

Flqeron deflected O', PO, 
and 2y 

Flaperod‘MIl.ected O", 5O, 
ana 250 

Rudder and vertical tail 
deflected 00 and 50 

BE42 (WWL) 

Q=w 

0 

Basic (Wz,cY) 

Basic (Wz,%) Rudder and vertical'tail 
deflected 00 and 50 

sumnary (%gAp+j) 

s- cnB,cz#Yg) ( 

summary (crl~‘Cl#Y.J 

- (cng>czpJYg) 

W&ml, dorsal, and hod- 
zontal fins added 

.----L Fraduction and photo@yzphic 
no868 

EPf&S Of caqlonent parts 

Flaperon effectiveness 0 

0 

------ 

Rudder and vertical-tail 
effectivelless 
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Figure l.- Stability axis system. Arrows indicate positive directions. 
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(a) Three-view drawing of basic model. 

Figure 2.- Details of models. All dimensions in inches except as sotcd. 



Confiauration 
---- Production (Present investigation) 
- -- - - - Original (Ref. I ) 

c line 
Horizontal Area, t 

tail wft 
weep, Aspect Taper 
deg ratio ratio 

Production 0.291 
Original 0.278 :; % 

0.40 
0.25 

(b) Original and production models. 

Figure 2.- Continued. 
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_. 

Nose 
Product ion 

- - - - - - Photographic 

(c) P roduction and photographic noses. 

Figure 2.- Continued. 



Areas: 
Dorsal 0.0452 sq ft 

V8ntraI 0.0249 sq ft 

.31- 

(d) Dorsal and ventral fins. 

Figure 2.- Continued. 

. 



Area = 0.0153 sq ft , each 

(e) Horizontal fin. 

Figure 2.- Continued. 



4 k CtJ h) 
in. . n. 

Area, 
deg 

Aspect Taper 
sq ft mtio ratio 

V’ 8.00 1001.24 44.5 .I77 1.51 0.177 
- - - V2 8.73 783 1.39 44.5 .222 I.51 0.177 
- - -- ‘V3 8.00 8.23 207 44.0 222 1.20 0.250 

Afterburner ring, 

(f) Vertical tails. 

Figure 2.- Concluded. 
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(d) Noses , production and photograph. ~-88319.1 

Figure 3.- Concluded. 
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12 14 16 
BI dw 

(4 a = o”. 

Figure 4.- Effects of various vertical tails on sideslip characteristics. 
Production model; M = 1.41. 
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Gl 

(4 a = 00. 

Figure 5.- Effect of various vertical tails on the sideslip character- 
istics. Production model; M = 1.61. 
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(bJ a = 4.2O. 

Figure 5.- Continued. 

I 
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(4 a = 8.50. 

Figure 5.- Continued. 
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Cn 

(d) u = 12.7O. 

Figure 5..- Conbinued. 
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(e-1 a = 16'. 

Figure 5.- Concluded. 
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Cn 

ct 

a-- 

b) a, = 4.1°. 

Figure 6.- Continued. 
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(4 u = 8.2O. 

Figure 6.- Continued. 

B 
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P, dw 

(d) a = l2.3O. 

Figure 6.- Continued. 
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(4 a = 15.5% 

Figure 6.- Concluded. 



Cn 

Figure 7.- Effect of horizontal tail on the variation of C,, Cl, 
and Cy with a for the wing-body combination. Production nose; 
M = 1.41. 



Cn 

CY 

Figure 8.- Effect of vertical and horizontal tails on the variation of 
C n, Cl, and Cy with a for the wing-body combination. Production 
model; M  = 1.41. 



NACA 

Cn 

_- 
-4 -2 0 2 4 6 8 IO 12 14 16 

A deg 

Figure 9.- Effect of afterbody modification, complete model, and wing- 
body combination on sideslip characteristics. CL = 5.2O. 



.,v- . . . -q 

-6 -4 -2 0 2 4 6 8 IO 12 14 16 18 

= ,deg 

Figure lO.- Effect of afterbody modification with tail V3 on the varia- 
tion of C,, Cl, and Cy with a for the complete modei. M  = 1.41. 
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Figure 12.- 
C 

Effect of vertical and horizontal tails on the variation of 
n.9 Cl, and Cy with a, for the complete model and wing-body com- 

bination with photographic nose (BE). M '= 1,&l. 
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Cn 

.Ol 

3 

a 

b) a = 4.2O. 

Figure 13.- Continued. 
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Cn 

(4 CL = 8.5O. 

Figure 13.- Continued. 
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Cn 

f ;, 

4 8 I2 70 34 

P,des 

(d) a, = 12.7% 
Figure 13.- Continued. 
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(4 a, = 16’. 
Figure 13.- Concluded. 
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c, 

Cl 

CY 

\ 
(a) O”. a#= 

Figure 14.- Effect of ventral, dorsal, and horizontal fins on the side- 
slip characteristics of the complete production model. M = 1.61. 
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b) a = 4.20. 

Figure 14.- Continued. 
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P ,deg 

(a) u = 12.7O. 
Figure lb.- Continued. 
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:, Y. 
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Cn 

(a) O". a= 

Figure 15.- Effects of various' combinations of components on the sideslip 
characteristics. Production model; tail Vl; M = 1.61. 
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G-i 

b) a = 4.s1~. 

Figure 15.- Continued. 
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(4 a = 8.5'. 

Figure 15 .- Continued. 
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(4 a = 12.7O. 

Figure 15 .- Continued. 
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Figure 15.- Concluded. 
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Cl 

2 -2 0 2 4 6 8 IO 12 I4 16 

Figure 16,- Effect of horizontal-tail deflection on the sideslcp charac- 
teristics of the complete production model. a~ = 5,2O; M = 1,&l, 
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Figure 17.- 
teristics 

Effects of horizontal-tail deflection on the sideslip charac- 

M  = 1.61. 
of the complete production model  with various vertical tails. 
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b) a = 4.2'. 

Figure 17.- Continued. 
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(4 a = 8.5'. 
Figure 17.- Continued. 



(a> u = 12.7O. 
Figure 17.- Continued. 
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Figure 17.- Concluded. 
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ABSTRACT 

Aninvestigation has been conducted in the Langley 4- by b-foot 
supersonic pressure tunnel to determine the static lateral and directional 
stability and control characteristics of a l/l?-scale model of the Grumman 
FllF-1 airplane at Mach numbers of 1.41, 1.61, and 2.01. The effects of 
various body and vertical-tail modifications are included. 
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